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SUMMARY 


The purpose of this study was to refine inlet and exit treatments 
which would minimize the effect of external wind on the test-section 
flow quality of a non-return wind tunnel. The investigation was con- 
ducted in the Ames Research Center 40- by 80-Foot Wind Tunnel which 
served as the wind source. Several inlets and two exits were tested 
at wind directions ranging from 0 to 180 degrees and at wind-to-test- 
section velocity ratios from zero to somewhat greater than one. 

For the best inlet configuration the flow quality was good, with 
a velocity deviation in each of the three component directions gen- 
erally less than 0.26m/sec (1/2 knot) for wind velocities of 7.7 m/sec 
(15 knots) or less. The loss in total pressure due to the inlet 
treatment was low: about 0.035 of the test-section dynamic pressure 

for the no-wind case. 


INTRODUCTION 


The NASA has been investigating the usefulness and practicability 
of a new full-scale V/STOL wind tunnel. During these studies the 
feasibility of using a non-return wind tunnel configuration was 
established. 

There are two advantages that a non-return wind tunnel has over 
a closed-circuit tunnel: (1) no purging of contaminants such as 
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engine exhaust gases and heated tunnel air is required; and (2) 
the structural cost is potentially less. 

Non-return tunnels can be made to have good power efficiency 
(ref. 1). However, because of the open ends, the flow quality 
mny be adversely affected by external winds. It has been generally 
ftund that although shielding can be used at the ends to signifi- 
cantly reduce the effects of winds, this treatment caused large 
losses in power (refs. 2 through 4). 

The first phase of the current study (ref. 5) was begun in an 
attempt to develop effective wind shielding with an emphasis on 
minimizing the power losses. The efforts of this, the second phase, 
were directed at refinement of the wind treatment for two selected 
inlets in order to further improve the test section flow quality. 

The authors wish to acknowledge the valuable assistance of 
Mrs. Margaret Campbell in the development and preparation of the 
data presentation formats. 


MODEL DESCRIPTION 


General 

The model installed in the Ames 40- by 80-Foot Wind Tunnel 
is shown in figure 1, and dimensions and geometry are given in fig- 
ures 2 and 3 and in table I. 

The basic inlet protection consisted of an area with a flat- 
oval planform enclosed by a peripheral screen of perforated plate 
(figures 3(a) and 3(b)), flow straighteners inside at the front 
part of the screen (figures 3(a) and 3(c) top), a solid roof with 
streamlined vertical posts (figures 3(a) and 3(c)), and an addi- 
tional flow straightener grating (figure 3(a) and 3(d)) at the 
entrance to a large area-ratio contraction cone (figure 3(e)). 

Two inlet screen sizes (figure 3(c)) were studied along with 
alternate contraction flow straighteners (listed on figure 3(d)). 

The basic, area-ratio 20 vertical-exhaust exit is shown at 
the top of figure 4. An alternate area-ratio 8 vertical-exhaust 
section (identical to the basic exit of reference 5) is shown at 
the bottom of figure 4. 
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Instrumentation 


The vertical and transverse locations of the total and static 
pressure probes and the direction rake in the test section are 
shown in figure 5, The pressure probes were located in a plane 
63,5 mm (2.5 in), or 14.7 percent of the test-section length, 
downstream of the test-section entrance. The static pressure rise 
across the fans was measured by orifices located 0.3 fan diameters 
ahead of and behind the fan in each nacelle. 


TEST PROCEDURE 


The test program was conducted with the model elevated from 
the 40- by 80-Foot Wind Tunnel test-section floor (out of the 
boundary layer) on legs as shown in figure 1(b). The centerline 
of the model was set at selected azimuth angles, measured from 
the wind axis, to simulate various wind directions. 

The model test-section dynamic pressure was set initially at 
about 254 mm (ten inches) of water with the external wind at zero 
dynamic pressure. The subsequent measurements were made with the 
wind held steady according to the following schedule. 


Approximate test 
section dynamic 
pressure Q 0 » mm 
(in) of water 


Approximate wind 

dynamic pressure 

Q w , mm (in) of Nominal 

water Qw/Qo 


254.0 

(10) 

0 

(0) 

0 

254.0 

(10) 

2.5 

(0.1) 

0.01 

254.0 

(10) 

6.4 

(0.25) 

0.025 

254 . 0 

(10) 

12.7 

(0.5) 

0.05 

254.0 

(10) 

25.4 

(1.0) 

0.1 

101.6 

(4) 

25.4 

(1.0) 

0.25 

50.8 

(2) 

25.4 

(1.0) 

0.5 

50.8 

(2) 

35.6 

(1.4) 

0.7 

50.8 

(2) 

43.2 

(1.7) 

0.85 

50.8 

(2) 

50.8 

(2.0) 

1.0 

101.6 

(4) 

50.8 

(2.0) 

0.5 

127.0 

(5) 

50.8 

(2.0) 

0.4 

254.0 

(10) 

50.8 

(2.0) 

0.2 

0 

(0) 

50.8 

(2.0) 

CO 
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Reduction of Data 


The pressure data were measured using multiple-tube manometers 
and recorded photographically. Flow-angularities, total-pressure 
losses and test-section dynamic-pressure variations were determined 
by subtracting the zero-wind values from the wind-on values and 
hence represent the effects due only to external winds. 

The local dynamic pressures used to determine AQ*/Q 0 were 
found by linear interpolation of local pressure coefficient values. 


Accuracy of Measurements 

The azimuth angles were set with an accuracy of about ±1 degree. 

The pressure readings which were used to determine the pressure 
coefficients, pressure ratios, and angularities, were accurate to 
about ± 1.27 mm (± 0.05 in) of water. The effect of this on the 
accuracy of data presented in the figures was determined for the 
values of Q 0 corresponding to the schedule of Q w /Q 0 values 
shown in the section on TEST PROCEDURE. For convenience, these 
accuracies are shown as functions of Q w /Q 0 in sketch (a) . 





Sketch (a) 
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RESULTS 


The plotted data are indexed in table II by configuration. 

In most of the component-effect plots the flow angularities, dynamic 
pressure variations and pressure losses are plotted against dynamic 
pressure ratio at various azimuth angles. The one exception was 
the exit effects. In this case only the pressure loss data are 
presented since the exits studied had no effect on the test-section 
flow quality. 

The plotted data are indexed in table II by configuration. 

The basic data are presented in figure 6: test section flow angu- 

larities, dynamic pressure variations, and pressure losses are 
presented as functions of dynamic pressure ratio; and local pressure 
coefficients (note carefully the sliding ordinate scale) are pre- 
sented as functions of test-section location for various dynamic 
pressure ratios. The following results are shown in summary plots: 
the effect of inlet system size (figure 7); the effect of peripheral 
flow straightener position with small inlet and posts (figure 8), 
with large inlet and posts (figure 9), and with large inlet and posts 
removed (figure 10); the effect of Inlet roof posts with small inlet 
and peripheral flow straighteners inside (figure 11), with large 
inlet and peripheral flow straighteners inside (figure 12) , and with 
large inlet and peripheral flow straighteners removed (figure 13) ; 
the effect of contraction flow straighteners (figure 14); the effect 
of exit area ratio (figure 15); and the comparison of the test-section 
flow characteristics of the basic configuration with the previously- 
established flow quality criteria of reference 6 (figure 16) . 

To evaluate the flow quality of the basic configuration the 
flow quality criteria of reference 6 were used. Figure 16 compares 
the experimental results with these criteria at several wind con- 
ditions. It is evident from figure 16(a) that for the basic con- 
figuration the test section velocity deviation in each of the three 
directions was generally less than 0.26 m/sec (1/2 knot) for wind 
velocities of 7.7 m/sec (15 knots) or less. At more severe wind 
conditions the test-section flow characteristics exceeded the 
criteria. Figure 16(b) shows that the flow quality is affected 
by wind direction. The axial velocity component appears to be the 
most critical aspect of external winds since this criterion is 
exceeded in some cases. 
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TABLE I. - MODEL DIMENSIONS FOR THE BASIC CONFIGURATION 


Test section area, sq m (sq in) 

Inlet screen (perforated plate) 

Porosity, percent 

Hole diameter, mm (in) 

Thickness, mm (in) 

Flow area at start of fan nacelle 
sq m (sq in) 

Flow area at fans, sq m (sq in) 
Fan diameter, mm (in) 

Number of fans 
Vertical exit 

Area ratio 


0.083 ( 128 . 8 ) 
40 

3.175 ( 0 . 125 ) 
1.016 ( 0 . 040 ) 

contraction, 

0.402 ( 623 . 0 ) 
0.224 ( 347 . 0 ) 
213.4 ( 8 . 4 ) 

8 

20:1 
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Figure 

Number 

Effect Shown 

Azimuth 
Angle, -ij> 
(deg) 

6 

Basic Configuration 

0 + -157-1/2 

7 

Inlet Size 

0 -+ 180 

1 

8 

Peripheral Flow Straighteners: 


Small Inlet, Posts in 

0 -v 180 

1 

9 

Large Inlet, Posts in 

0 

1 

22-1/2 , 45 
90 

1 

112-1/2 

1 

180 

| 

10 

Large Inlet, Posts Removed 

0 , 90 

1 


Inlet Roof Posts: 



Small Inlet, Peripheral 0, 90, 180 

Flow Straighteners i 

Inside 1 


INDEX TO DATA FIGURES 




































TABLE II - CONCLUDED . 


Figure 

Number 

Effect Shown 

_ . . ... 

Az imuth 
Angle* - ijj 
(DEG) 

Configuration 

Inlet 

Exit 

Area 

Ratio 

Screen 

Flow Straighteners 

Size^ 

Roof 

Posts 

Peripheral 

(Position) 

In Contraction 
(Size 1 ) 

12 

13 

Inlet Roof Posts (concluded): 
Large Inlet, Peripheral 
Flow Straighteners Inside 
Large Inlet, Peripheral 

Flow Straighteners Removed 

0 , 90 

107x254 (42x100) 

1 . .. 

in 

out 

Inside 

i 

2.54x2.54(1x1) 

1 

20 

1 

0, 90, 180 
. J... .... 

107x254 (42x100) 

1 

in 

out 

Removed 

i 

2.54x2.54(1x1) 

t 

20 

14 

Contraction Flow Straighteners 

0 -> 157-1/2 

1 

58x203 

(23x80) 

in 

Front 

2.54x2.54(1x1) 
.32x. 32(1/8x1/8) 
5. 1x5. 1(2x2) 

2 

1 

0 

15 

Exit Area Ratio 

0, 90, 180 

i 

107x254 

1 

(42x100) 



in 

i 

Removed 

* 

2.54x2.54(1x1) 

20 

8 

16 

Flow Quality Evaluation 

0 -* 157-1/2 

58x203 (23x80) 

in 

Front 

2.54x2.54(1x1) ; 

20 


All dimensions in cm(in) . 





MODEL INSTALLED IN 40-BY 80 FOOT 

WIND TUNNEL 

8-FAN DRIVE ■ . ^ 

SIMULATED MODEL 
PREPARATION BUILDING ^ 


INLET 


VERTICAL EXIT 
DIFFUSER 


TEST SECTION 


CONTRACTION CONE 
FLOW STRAIGHTENERS 


GROUNDBOARD 


(a) Top view, with basic inlet system. 


Figure 1. - Model installed in Ames 40- By 80-Foot Wind Tunnel. 




(b) Side view, with basic inlet system. 


Figure 1. - Concluded. 




DIMENSIONS IN Cm (in.) 
INSIDE DIMENSIONS SHOWN 


Figure 2.- Model dimensions for basic configuration. 




(a) Inlet geometry with front-only peripheral flow straighteners. 


Figure 3. - Model inlet components 




(b) Placement of peripheral flow straighteners . 


Figure 3. - Continued. 




Alternate (lap-gf^ Iajlet 
(with peripheral flow straighteners) 



Roof post cross- secrior; 


(c) Inlet area planform and post arrangement details. 


Figure 3.- Continued. 
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(d) Flow straighteners in contraction cone* 
Figure 3*- Continued. 





CONTRACTION WALL COORDINATES 


r * 

y 


R J 


o 

(o) 

63.20 

(2H .IS) 

26.37 

(10. 3g) 


O 

ro 


?.5H 

(I) 

63. /y 

(24. 8fcJ 

26.31 

00.36) 





5.0 8 

(Z) 

62. gy 

(24.74) 

260/ 

(J0.24) 


/. 65 

(0.65) 


S. 33 

(2.0 

62. 79 

(24.7Z) 

2 5. 96 

60 . 22 ) 





\ 0 *!(o 

( H ) 

■ 60, 43 

(23.7 9) 

* 



3. 20 

0 .30) 


1 3-?2 

(5.44) 

56.2V 

(22, / 4) 







15. 24 

(b) 

54. /5 

(2 1. 3 2) 

1 



4.45 

(/.45) 


20.32 

( s ) 

4 7. 2 4 

(It- 62) 

Cf 



b.bO 

(?. 6 0) 


25. HO 
30. Hg 

( /o) 
( 12) 

HIHJ 

36. 70 

6 6. 3 3 ) 
(/ 4.V5) 

Ul 

2 

- ~ --- 

. — - 

?. 2 6 
9. 4 / 

(3-25) 

(3-90) 


35.5b 

(n) 



-1 



/<?. ?0 

(4.25) 


HO.yH 

(lb) 

2 9. 3 V 

(M.6 3) 




♦ 



45. 72 

(18) 



1 


— 

] 



50. gO 

_(20)_ 

2 S'. <0 

T?.Tg) 

T 



. ^ 



5 4. 10 

( 21.3) 

24. to 

( 4. 44) 

l 3.3 / _ 

(5.24) 


<c 

4 



55, gg 

(22) 





I— 

CO 



(To. 9 6 
6 V gy 

( 24) 
(26) 

22.7/ 

(8.44) 

0.4/' 

(4 6 9) 


2 

O 

u 




11.17 

_ ( 2 « j 

2/. 7 7 

(«.57) 

To, 4 7 “ 

(4.3*2) 





7b. 2.0 

( 30 ) 

21. 62 

? ? s-i ) 

/ 0. ?2 

( V. 2 6) 


l 



82. 9f (32. *7) 

21. 54 

( t.so) 

’ lO.tO 

0.2 5) 


10 . ?o 

(4.25) 


(e) Contraction cone. 


Figure 3.- Concluded. 



















Area Ratio 8 - 1 ^Alternate) Vertical Exit 


Figure 4.- Exit configurations. 





o total pressure: pro&e 
a STATIC PRESSURE PROBE 


Ali_ Dimensions 


In Mm (in^ . 


Figure 5.- Test section instrumentation. 
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(a) Test Section flow angularities. 


Figure 6. - Results from basic configuration: 
58x203 cm (23*80 in) inlet, roof posts in, 
front -only peripheral flow straighteners, 
2.54*2*54 cm (1*1 in) contraction flow 
straighteners, area ratio 20 exit. 







Figure 6. - Continued. 














■ ■■■■ 

s aasno: 


I:::::::::::::::::::::::::;;: jssss 
:=g:::=::^;:::::s5 :i:=:^:=: ssassMHl 

MttMHttMMMflHSS5SpSmtSSS33SSS3SSS33SSSSS ■SSSSSSSS 
■ilBiiani(iftliMK*Mi«ii*aiiiii I 


■■■■■■■■■■■■■■ 3 ■■■■ ■KHMiSSUS BSanan 

^^^^^^^^^■:B3s::::3:iR::n:s: SEBiBEBBSsHssssBsfrsBSSSBSSSsssHi 



EaiiiiSiSSsiifi 

■ ■■■ ■ Stall M Ktatatata 

5 ■■■■■■■ E fSSIl 



is issm 

HH»«aB m 


ish !:»::: 

■ ■ ■ va nasS 

■UBS 3 SB 


■ *B| 

33 i sails IBS 

■■ ■ nuaM 

ai ■ ■■ 

33 3 S3 


■ :: 

s :«:::: 

■a|:ai:£ 

BSSBSBB ■ 
8BB38EIUISB 
sbsbes: 


JRSsBSSBsS 

bbbusbbb: ■ 
■:a: xbssbssis 
jiriOR&sE 

■< linai 


I BBS 
BBS 
IBS! 

sss 


E8BBSS3 
BSE hhess 


|i[in»:E 5:: j : 


■K-BSHUB.! 
iumnssi 


[IlifSEiHS 



Figure 6* - Continued 
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(a) Test Section flow angularities - continued. 


Figure 6. - Continued 
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(a) Test Section flow angularities - continued. 


Figure 6. - Continued 
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(a) Test Section flow angularities - continued. 


Figure 6. - Continued 
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Figure 6. - 
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Figure 6. - Continued. 
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Figure 6. - Continued, 
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(b) Dynamic pressure variation. - concluded. 


Figure 6. - Continued. 
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(c) Pressure losses. 


Figure 6* - Continued. 
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(c) Pressure losses - continued. 

Figure 6. - Continued. 
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(c) Pressure losses - continued. 


Figure 6. - Continued. 
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(c) Pressure losses - continued* 


Figure 6. - Continued. 
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(c) Pressure losses - concluded. 

Figure 6. - Continued. 






C0MPL0T* OMN1GRAPHIC 



1 > * - 22 - 1 / 2 *. 

(d) Local pressure coefficients - continued. 


Figure 6. - Continued. 
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(d) Local pressure coefficients - continued. 


Figure 6. - Continued 
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Figure 6. - Continued. 
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Figure 6* - Continued. 
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(d) Local pressure coefficients - continued. 


Figure 6. - Continued. 
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Cd) Local pressure coefficients - concluded. 


Figure 6, - Concluded, 
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Figure 7. - Effect of Inlet sire with roof posts in, peripheral 
flow Btraightenere inside, 2.54x2.54 cm (lxl i*) contraction 
flow straighteners, area ratio 20 exit. 













Figure 7, - Continued 
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Figure 7. - Continued. 
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if 53 0° and -45° * 
(c) Pressure losses ■ 


Figure 7* - Continued 
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(c) Pressure losses - continued. 


Figure 7. - Continued. 
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ip = 180°. 

(c) Pressure losses - concluded. 


Figure 7. - Concluded 







PORI CENTER STARBOARD 

0 2.00 - 2.00 0 2,00 - 2.00 0 2 . DO 







iiilBEisnilKBHiilBiBSmSSiiB? 


mmmmBKBBBBBBBBBSBBmMMM 



S 


§j§§|§ 

f§ 


Et FLOW S tR A16HrC*^e R POSITION 


FRO«T -ONLY (JWS»fie) 
IWSIGE 






| gggjl HM f Hgg^Sg gSgfiBS^g 


^galg gg! 




IftS f i ffl Mm nfflStiiwgii iB n mWMyw SSt 


I I- 1- — »--T-?;"n~TT-i"a g^jJ= ^-===^- ^ ■ ■ ■ — .Ea» w ca=ssiaics MMM c=«,.5gi >M H w ^,wg gw^y. ,.«i HW ,|i ff .i U u.„. !l 

— — ■■■■■■—■ ■MaBBliBSiiiiglijii— WBiSglMgf ■ 



igl^liiislili 



U^iHilKKSRKK! 

aHSnsssSsasISSi 




iiiiiiii 

;:;;n:: 

Isus:: 


::i*.:i 



IHHiHilifflSB 


■■MHBffillSHHIili] 


Ml 

Mill 


IHUHiiS 

SHBlll! 


ill 


MM 


niaa gsiKs 

HBUSjji 


as S3 


in 

m 


BHHHKI 11 


iiL liiiMBMBMB 
■iiiiiiiiiiiiiil 
MliiBttBBIilSii ll lffl HI 

■HHilHi 


ml 


1>£6 O 


tmmmmmmmm 


p*«lFH«*AL F^OW STftAJfrtfrefcrff* POSITION }r 


iaiSiii TOiHi?aiiB»MMiiiii^iiigiiBiiiiiigsiiiiimi 


BHBBBI 


l afl PH Bffl BOi mMwM I M |M HlB jMi Mflwil I 

BW BilBllllBBB 


BBBBBiHiiiiiiBiBBBiBi5BBB5BBi!BBBBflBBBiBBBBBiiBBBB&liiSiBl 

s^:sr:^S^3:atfK^ap:i— ^ — MMMMi 

IHHuiaSSESS-S^iSi 


mil MR 

SHJEH 

uni uses 


III 


in 


0. *40 0.60 

□ W/QO 


0.<tD 0. SO 

QW/QO 


- -90*. 

(a) Test section flow angularities - continued. 
Figure 8. - Continued. 
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Figure 8. - Continued. 
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(c) Pressure losses - continued. 


Figure 8. - Continued 




TdrAL IfitL&T PftESSuftS Losses 

-0.20 0.00 U.20 0.40 


I S5S5SS5S!" i ■■»■■■■■■ ■ 

SBSSS SSSSS SSESSSSSM 


■aSSESSES! 


■ ■■■■■ bBbbbbbbbb ■■■■■■■■■ a ■■■■■■■■■* ■ ■■■ BP ■■■■■ ■■■■■■■■■■ ■■■■■■■ 

■ ■■■■■■■■■■■■■■■ ■■■■■■■■■!■■■■■■■■■■ ■■■■■■■■!■ ■■Bilauaa aa ■■■■■«■• auuu 
■■■ ■■■ ■■•■••■■aa ■■■■■■■■■■ ■■■■iiiVHt ■■■■■■mi ■■■■■■■■■■■■■■■■■ 


I ■■■■■■■■•■ alaBaiiaa ■HIIIVNHII1 

>■■■■■■■■■ IUMMBM ■ ■■■■•■■■■■■■■! 

■■■■■■■aaa ■■■■■■■■■ 

■■■«■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ mu 
I ■aiiNiiiii ■■■■■■■■■ iioiinii 
•■■■■■aiaa ■■•■■■■■a 
■■■■■■■■«■ ■■■■■■■■■■■*■■■■■■■!■■■ 
! ■■■■■■■■■■ ■■■•■■■■■ iitiiiiniiiui 

i iuuuaKa ■■■■■■■■■ ■■■■■■*■■■ •■■■! 
■■■*■■■■«■ ■■■■■»■■■ ■■**■■«■■■■■■■ 
■■•■■■■■■a ■■■■■*■■■ ■■■■■■■■■■■■■■ 

issssssss" »!:s:sss!s:mm|| 

LgnUUnB _________ 

■ininsonoi 

I I -■* • ■■■■■■■■■■ ■■■■< 

g : ijlsslKss:«:!s;ussi 

i ■ ■■■■ — 

a ■■■■ ■■■■■■■■■ 

|:sss :::::::::::::: 

I IBKKB ■■■■ BmaBBaBBal 
■■■■■ ■■■■■■■■■■■■■■ 

•■■■> ■■■■■«■•■■■■■« 

■ ■■u BBBBBnBBBBUI 

■ns:»ussi: 


■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■••■■■■■■ 
■■■■■ ■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■!■■■■■«■■■ *■■■■■■■■! •■■■■■■ 
■■■■■ imiMllliiiiiiin ■■■■•■■■■■■■■■■■■iMimnakiitttfkHHi ■■■■■■■■■■ ■■■■■■■< 
MMUMUMHM' ■■■■■■■■■ *■■■■■■■■■■■■■■■■■■■ ■ ■UaBMUMnUU^MUnUUMUMMM 


1 ■■■■■■■■■■«!■■■• BBBBBBBBBB ■■■■■■■■■■■■■■■■■■KB ■■■■■■ ■*■■«■«■■■■ 

■■■■■ ■■■■■■■■■■ ■■■■■■■■«■ !■■■■ II III ■■■■! ■■■■■■■ 

■ ■■ ■!■■■■■■■■■ ■ niaiiRiMRaii ■■!■ ■■■■■■! 


~B ■■ BBBB BBBLB ■■■■ B «■ 


■■■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■ri 
■ ■■■■■•■■■■a ■■■■■•■■■■ ■■■■■■Magi 


■•■■■■■■■■■a ■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■a flianaiaiB ■■■■■■■■■■ 
■■•■■■a ■■■■■ ■■•■■■■■■■ ■«■■■■■■■§ 
■a auaaaaaaa iiBaiBiaaiaaaHmal 

■■ IBIIIBIBIB ■■■■■■■■■■ ■■■■■■■■■« 


■■■ ■■■■■■■ 
)■■■■■ ■■■■■■! 
— jBBBBBM 
IIIBBI 


. _ , .MBFaaa ■■■■■■■■>>■■ aaMI 

■ ■■■■■B ■■■liaiBBBIBBBIlim B ■■*■&■*■ II ■■■ Ml ■■■ ■IIIIBBBI 

biBbhb laiiMBma ■■■■■■■■a a BiaBina iubbibbib Blaiiaiai 


hkeeseeh 

■■SSSSSSSSSS SEE [ESSE: 

■ a a a ■ a a ■■ a aaaaaaBaaaa |BBB|BBBm 


I \uuu 

aaanu ■■■■■■■■■■■ a i 

■ ■■■■■■■■■■raaaBBBBB 

BiissimHi 


■■■■ 

■ ■■ B 

■ ■■■■■■■■! 

lauainii aliagim 
■ntiiiiii laniini 


^esesesssssess: 

R!! 

■ BBBBBBBBBB BBBBB BBBBR 

■HHllii ■■ a ■■■■ a ana 

■ ■■■maaaB ■■■■■■■■ 

liaiiiiaiia ibihbi 

I aiai b uaiB !!■■■■ ■■! 

■BBBBBBBBBB MIMBRRR 

Issssesssssesssssss: 

■ IBBBBRBBR 


BIMBIBBaiB 


aitaiBRiBBlB MnaiMBM rrruirrri ■■■■■■■■■■ 


MIBB pB BBB ■■■■■■ ■■■■■■■■■ BBaiBIBBBI ■■■■■■■■■■ ■■■■■■■■■■ BBBI 

:::::::::: see; 


!■■■ •■■■■■■■■■1 
!■■■■■■■■■•■■« 


!■■■■■■■ BBBBJ 


i« ninuiii MBaa a Baas a bbbbbbbbbb bbbbb a a bbb a bbbbbbb bbJ 

inaiimii ■■■■■■•■at ■■■■■■■■■■ aaaai aaaaa ■■■■■■•■■§ 
BBaa ■■■■■aaaaa amamii 


■■■■■■■■■■■MMMMMiBaiiiaBaiBBaBiaii 

■ BBBBBBB BBBRBIB BBB BBBRBBBBaB IBB ■■■■■■■ ■■■■■■■■■■■■■■■■! 

■ ■■■■■■a ■■■■■■■■BBBBail BIBallBI IBBIIBI BBBIBBBIBB MUUj 


■■■■■■■flaBBiaiiiBBBBBiiiBiiaB|BaBBUiiBaBaimiiiiiiaimBBaiRiBiiBiaianaaB 

■mam ■■■■■■■■■■ a ■ u ■ bk ■ aa a u ■ a ■ a a aa BBUiikBia aiaaiiaBiB UBaaiaaBB BBBBBBna 
■ ■BBBRBBRaBRiRMBaBBBiiBaaaaingaainiBiaBiiiiBiB|BBBiBBiaBiBBBBBBBBB«iBBBaBRB 


■ ■■■BBBBBBB BBU 


;■■■■■•■■ auuuup maa mma ■■■■■«■■■■ ■■■•■■■■■■ ■■■■■■■■■■ ■■■■ 
■■■■■■Ba iuuuraa nauanm ■■■■■■uaa ■■■■flupaa aiuiauu aua 
■uauu ■■■■■■■*■■ ■■■■■ hub ■■■■aaaaaB Biiaiaaiii ■■■■■■■■«■■>■■ 


^UJBPPB BUUBUUBUBJ 


LOSS 

TOTAL I iNt-e-r 


PSfttPHSAAL 

FLOW STAAlSHTg-Ng-ft POSJTIOW 


FROA»T-OWLV (iMSioe) 

i^s i be 


BBBBB ■■■■MBRRMBBBI 

■■■■a ■■■ikBiaaiaiaai 
Bbbbb iimiimiiBi 

SSSS SSSSSSSSSS SSSS 

■■■a aaiaiRiRii •■■■ 
■■■■■a ■■■■■«■■■■ ■■■■ 

IjSgSSSSSEgSSSESEESS 


■ ■■■■■■■■■■■■■■a ■■■UBBiaa 




Igaaaa aaaaa aaaaa iBaa 
■ ■■iauuuaaaai 


BBBBB ■■■■■■■■■■ ■■■■ 

••■’■B MlliMIlilil ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ •BBBBBBBBB BBBBBBBBBB ■■■■ 

iap aa - iP’iHBiikaaii aaaBaiaaaa ■■■■■■■■■■■■■■■■■■■■ ■■■■■aaaaa aaBaaBBBBB bbbbbbbbbb bbbkbbbbbb ••■■ 
IB )■■■ Baaaaaaaiaa BBaaaaaaaB aaaaaaaBBB ■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ aaaa 
iihaik.jniami iaaa knBiaaRk< ■■■■■ bbirb bbbbi aaaa a ■■■■■■■ bbb iiBiHBaiaBBiuiiaaB a aBaaaaaaaaaaRB ■■■■«■■■ aa aaaaa ■ ••■ 
aaaaaa iaar i gai kr— »— ■■• ■■■■!■■ aa aaaaBBaaiB ■■■■■ aaaaa aaaiaaaaia aaiaiSSai aSSSaraiSSSSS ■■■■■&• aaiaiBaaaa aaaa 

aaaaa §■■■* aaaaa , a ■»■■■■■»■■■■ ■■■■■■■■■ ■■■■■■ ■■■■bbbbbbb aaaa ■■■■■■■■ a am ■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■ 
■■ ■■■■■■'.* aaaai anauur « L ■■■ ■■aiaaiaa ■■ aaai ibii bib ■■ ■■ bbb a ■■■■ bbbi a BaBBaafli ■■ iBBaai aaai aaa ai aaiai aaBBiflaB aa aaia 

jM—IMi - ■■■■. di ■ ■ tb akaaiBiaa ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■ a aaaa BBiiB ■■ aaa aaaaa aaaaa Biaa 

■■■■■■■aa iaaaaaalla ■laaaaaaai iaaaBBiaBB aiiaaBaaBB aiiaaB aaaa bbbib ibibb aaa aaaai aa aaaa 

■■■■■■■■■■■■■ k*ki*akRR Bb ■■■■■&■.■ ■■■■■■« BBB I BIB ■■■«« BBU BBBBBBB ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■ 


■ ■■■■■■■■■ ■■■■■■■■! 




■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■ 
■aaaa aaaaa gBaaij 

B ub ■« aa aaa iaaa H 
■aaag iaaaBlSaa« 


aaaaa aa aaa aaaa d 


■aaai ■■■■■•■Bad 


aaaaa aazaa aaaaS 
aaaaa iBikBiiaai 
■■■■■ •■■■■aaaaaj 


■ ■■ HRMBRtlaj 

Maa uaaa aaalH 
■■■■a ■■■■■■■■■■ 
aaaaa BaaBaaaaaB 
IBIBIBBBkBIBIaa 
aaaaa Raaiaaataa 
■■■■■■■■■■■■aaai 
bbbbb aaaaaaaaaal 


I ■■■■■■■■■■ ■aBaBnaBBiBiaaiiBiBaRaBmmiMiiuiiiinriSBBaBBB iaaaaaaai 
■ BaaaBBaBaaiBalaaBBtiiaaifiaaSiaaaaaaaaaalaaaaaaaaa muiiaia aaaas aaai 
■ anaaBMU a fiia ■■■■■■■ ■■■■■■■■■■■!•■■■■■■■■ ■■<■■■■■■■■■ a ■■■■■■■■ ■■■■■■■■■ 

a ■aana ai 
■■■aafiai 
[•■iiaai 

[aaaaaa a 


■■■■■■■■a ■■■■■■■■■■ ■■■■■ ikBaa bbbir ■■■■■ aaa ■■■■■■■ ■■■■■!■■■■ aaakBBB bbb ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■• aa 
IMMMimiiiiiB aaaaaaaaaiaaaaaaaaaa IPigiauaR ■■aiiiaiia iamiBiniiliiliiu ■aEiiiiauia ■■■■■■■■■■ aaiEaaaaaa 
«■■■■■■■■■■ aiaiiaaiaa ■■■■■■■■■« iaaaaaaaai ■■■■■■■■aa aaaaaHaaa ■■■■■■■aaa ■■■■■■■■■■ ■■■■■■aaaa ■■■■■■■■» ■■■■■!■■■■ 
« ■■■■■«■■■■ isiluiaa ■■■■■■■■■■■■■■■■■■■■ aaaiaBaaaa ■■■■aukiR ■■■■■■■■■■«■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■ 
■a auaaaaaaa ■■■■■■an BRiaaiaiai ■■■■■■■•■• ■■■■>■■■■* ■■■■■■■■■■ aiHR aiaianmnni aniBU, aHMaHHiumumaHU 

■ ■■■RiRiiRR ■■■■■■■■■■ a aaaa aaaa a IBB ib aaiaa BiaBiliBaamaBaaBaRaaaiBin 



S ■■■■■■■III waifiBBaBBB Inal 


niHumamaaa 


!■■■■■■■■■■■■ ■■■■! 


1 ■■■■■■ ■■■■ 


!■■■■■■■■■ 

■■■■■■■■■a 


immanmnniiiiliamimiiaiBiiaMiiimB ■■■«■■■■■■■■■■■■■■■£ 
[■■■■■■■■■■■■■■■ai BiiBaRkaaiSikSjBjikRfBauaaaBB ■■■■■■•■■■ ■■■•■■■■•» 


I aa ua a aaaa ■■■■■■■■■■■■■■■■■ ■■■ ■■■■■>, *■■■ aai 
aa ■■■■■■■■ BBiiBiamiiiiiiiiia !■■■! • * aap ia 

it ilia nil ■■gniiiH igliiiiiiiiiBiiBi* 9 : 

■■•■■■•■■■■■■■■■«■’’•■ Bap **i 3w .p*P*--_«ka ■■! 


I::::::::::::::::::::::::::::: 

BHBJja •■■■•■■■■■■■■■■ •■■■■■■■■! 
mBaaaiHaiVUIBHMiiaiu 


|sS:sSii::3:a ::s 


Siffi 


I :::::::::: ::::::::::::::: 




■■■Biuau ■■■■■■Sbbb ■■■■■ 

■■■■aaaaaa mil bbbbb 

■■■■■■«■■■ ■■■■■■■■■■ aaaaa 

■■■■■■■■■■ BiiBankai ■■■■■ 

■■■■■■■■■a ■■■■■■■■■■ ■■■■■ 


1=55=5: 


|3BS» 

I aaua 

I ■■■■■ 


IS&SSS 

I ■■■■■ 




ssbs: 


■ BBB BBBBB 

«■■■ bbbbb^H 

«■■■ ■■■■■■■■■■ ■■!— 

MM.::::::::: 


■■■■■■■■■a a a BBS 
■■■■■■■■■■ man 
•■aaaaaa ai Baaa» 

I ussuasss 

■■■■■■■■5a WSSSO 
■■■■■■■aaa ■■■■■] 
laaaiaani limi 

■■■■■ ■■■= a "" "" ! 


aaai ■■■■■ 

ueeesEs: 

raaag Baaaaaaaa 

KS3»:s:. s: 

■■■■ Baaaaaaaa 


■■■■SSSSS 

■■■■ uan 


■rOTH 

mm 

mEmu wuumm 


■Hmi ■■■■■ 

isssmss sssss 

Hmg|Bk aBBBm 


■■■ ■■■■■■■■■ 

sEibS::: sssss 


SESSSSSfl 

issssssss 


a. 20 


!ssssss5:»ssssss:assBSS3SS3SSs::::Bs::s:s:::sssss5si:ssui^:^s:::u^sss=sssss::sssss;sssssssss::::ssss:ss:sssssaii 

^:ss:sE^::::ssss:!:::s::::::::5ss:s::5&:ss:&ssss95SSs!sS:53!is5:^:E::sh:s:s:ssSHMHHSHSsiuSHHMHS&MH 

LaaaMi aaa ■ ■■■■■■■■■■■■■■■■■■»■ ■■■■■■■>■■ ■■■■■■■■■irbbbbrbrri a»itseM ; ,d 


sss 


SB 


1 .'■••■kR. j i ■ • ■ bb niamaBi iiirimmi ■ miiiikitaaRB ■■■■■ aai 

8 i2!!E‘>SS: 2S5555SS5L ti paa fi „ a -j- •■■■■■• .pjr'-kaaaniiiliaaui ■■■■■■■■■■■!■■■■■■■« aai 
■■■■ t ^BB ■■■«■■■ -■■■ iaaBa tBh-^^— ■■ ■■■■■>_ — --•■■■■■■■ aaaaaBBauumMMUM| 

■ ■■■ ■■■■■ BBaaar t .'■■ ■■■■■■■■■■■■■■■■■■■* — ■■■kkiRk.p — - ■■■■■■■■! 


■■■■■■ g ■ ■ ■■■■■■■■■■■■■■■■ 


:::::::::: 

«■■■■■■■■■ 

IkklRIkRIII 

laaaa aafiaai 
auin HM 

!■■■■■■■■■■■■■ aa RvflRkkkkii 

illlllllll iMkillaai Sbbb a ■■■ 

>■«■■ ■■■■■■■■ Biuuuuagua 


! ■■■■ ■■■■■•■ 
IklkkRBB BB 

■MBnaaa aaaa &■ 

!■■■«■■■■! ■■■■ II 


SSSSS 


BUBB ■■■■■■■ 

■iliiBiiaaaa 


■■■■■■■■■ana ui 
■■■■■!■■■■ ■■■&■■ 

■ B 5Ss»» 5555 H 

BbSSSSSSS ssss 


BB BB ■!■■■ ■■■■ 

■■■■■■■■aaaaaa 
RkHkiaRaaRtiiBi 
■■■■■■■■■a ■■■■ 
aaa ■■■■■■■ aaaa 
kilEakiaikm 


HBBBIBBRI B BBB 
HlkBkkklkklRB 
■■■■■■■■a ■■■■ 
■■■■■■■■a aaaa 
■■aiiaaaaaikR 

Afk ikkkkkk BBaam 

■■■■■aaaa a aaai 

»■«■«■■■■■■■■ 


a 


■BlkflBkkfll 
BBBBBBBBBB 

■Baaaaaaaa 
■iaaaaaaiaia 
■■aaa ■■■■■■■■ 
■■ ■■■■■■■■■■ 
BBBBgdBHAMg 
IBB 

aa 

:i 


!■■ ■■»■■■■■■ 

sa issssssssr 


■■■—■■■■ 

S MauuBaa 
■a •■■■■■■■ 


■Maaaiaaa 

■&■■■■■■■■ 


kaRBBBBB 

llkkEkia 

OTS MBNIlii 
■■■ ■■■■■■■■ 
llllBIBBiBk 

■jaiiiaaii 
■ iRiaaui 
========== 


aa a aaa aaaa 
■■■■■■■■■a 
■■■■■■■ ■■■ 
■■■aaaaaj 


■uSSSSSS === ======= 

UUanaKB bbbuuub 

■=s=s=s===s5: 

■iRkiikaaiiB 


SSS&S85 

■■■■■■a 

b a ■ a B a ■ 
Ba b ■■■ ai 

■■■■■■a 
■■■■■■ a 
bbb aaa a 
■■■■■■a 
■■■■■■a 
■■aaaai 


■■■■■■■■■a ■■■■■■■■■■ ■■■■■ a bbbb •■■■■■■■■■ naaaaaaai ■■■■■■■■■■ ■■■■■■■■■■ ■■■■! 
a a bbb a aaa a ■■■■■■■>■■ ga aaa ■ aaaa •■■■■■■■■ i ■■■■■■■■■■ ■■■■■■■BBB aBBBBBBBBB ibbbi 

■■■■■■■■■■ ■■■■■■■■■■ iiafilaiaai ■■■■!■!■■■ ■■■■■■■■■■ ■■■■■■ bbbbbbb ■■■■■■• aaaai 


sssesssss: 


ssrssssssss: 

■ ■■aaaauaaai 


BBBBBBBBB ■ ™ ■ 

lima 

■■■■■■■■aaaa 

IkklBlBil BBB 
BBBBB BBBI 

■■■■■■■■a 


BBRMMRBB 


■ ■■■■■■■a ■■■ 

■ iisfinu ■■■■■■■■■ 
UUHUUIBBBa aaaaa 

aaa aaaaaa 
■■■aaaaaa 

■llltkiBk 

■aaaaaaaa 

■■■■■■■■a 
BkSlkkBkl 


■SSSSS 

mumwmm 

E»S=S 


SEES 


■■■■■■■■■ 

W Ubb aaaaa 

■■Saaaaa 


■kkBRRiBkkka ■ 


!■■ laaaaikBaaiBi 


iMaaaaaaa ■■■■■ 
(■■■■■■■a ■■■■■ 


o.4G Q.ea 

aw/aa 


■■■■■■■■■■■ BBBBB BBBBB 

^^■■BtiBRankaaiiBii ■■■■■! 
■ ■■■■a auaaauaa ■■■■■■uaa ■■■■■ 
■■•■a «■ ■!■«■■■■ ■■■■!■■■■&■■■■■ 
■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■ 
Uuu anaaiBiaa iiiiibiiii ■■■■■ 

ss sssssss : sssssessse sssss 

aaiaiaaakiaaaaaMBkkkBnki 

IB BBBIBBBB BBBBBBBBBB BBBBB I 


■BlIklBB 

■■■■■■■I 

SSSESSS 

IBBRRkBkl 


’Sssss: 

■a iaaa 

■■■■■■ 


BE BBSS' 

MBBBBB 
BIB BB I 

■■■■■a 

====== 


■■■■•■■ !■■■ ununSuSSa^uSaBi 

■ ■■■8a ■■■■*■■■■■ ■■■■■■&■■ lami 

■ ■■■■■ aaia •aniiiimiiniiiNi 

■ ■■■■a ■■■■ ■■■■■■■■■■ urn i bbbbb i 


3SSS 


sees: sssss sss: 


uinamimii 
■■■■■ uiaania 
■■■a* ■■■■■■■■■ 


■■■■ BkkikkRaia ( bibb ■■■■■ ■■■■■ 
!■■■■ ■■■■■■ ■■■•8feU ■■■■■■ ■■■■■ 

maa ■■■■■■■■■■ a ■■■■■■■■a ■■■■■ 
■|aa ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■ 
!■&■■ ■■■■■■■■«■ ■■■■■■■■■■ aaaaa 


ikik ib 

iaaaa aai 

■ SSS SSaSaaaSSa ■■■■■■■Baa SSSSS 

■■■■ ■■■■■■■■■■■■■■!■■■■■ IBBU 
M««a «■■■■•■■■■ ualaflauB ■■■■■ 


■ ■■■ minikiiBi 


:s::::»ssss::s::s:Ss:s:S 5 &s: 




sssy 

sss 




kBBia a ■■■■■■■■ a ■■■■■■■ aaa aaaai iaaaa ■ BBBBBBBBBBBaaB bbbbb 
■ ■■■a ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■bbbbb bbbbb aaaaa ■■■■■■■■■■ 

BBBBBBBBBB BRBBB kMBkl BkB BB BB BBB B BEBB BBkB B BNaBB BBBBB 

IRSRSSSs::^ :=:=:=::: sssss ssss: ssssssssss sss::::::: ========== 

!■■■■■!■ ■■■■■■■ aa a iinmm nhiiiiM mniBiaa miaiiiii SSSSSSSSSS 

■ ■■■■Aa aMUUnfi ■■■■■anaa laaiiBaiia ■■■■■■■■■■ ■■■■■■■•■■ aamum 
jiaanaa ■■■■■auai ami ka aa a a a a a a ■■■■■■R»»I •■■■■■■■■■ ebb bbbbb a a 


|:::=:::is:::::= :s:::ss| 

Luaaa ■■■■■■■■■• mbbmu 

■aa iiikkakkii 

^^■•Bl BBBBBBBBBB 

ssssssssss assnsssss OSSSStR 
;5sssk:se ::==»=== ssss ssss: ::: 


iikikkRaia a bbu aaaaa ■■■ 
^^^^^^■HaimiuiBuaiiaam bbb 

■■■■■■a lauikma ■■■■■■■aaa 


::ssssss:c5»sssn:s:s=s:ss:ss5Sss3B:s::ss 

■SSaSSSaESSESaSSSS SSSSS SaSSSEuE ESSE SB SSS 

■«■ a ■■■■■■■■■■«■■ niRiHBR am a ■■■ aa SSa 

■bbb bebb aaniBBRia ■■■■ebbbri amaiiiBiBiB 

laaiaw iimmn iriiimia ■■■■■■■■■■■■■ 
■■miiiiliiiima (■■■■■■■■■ ■ rmi ■■■■■■ ■■■ 
■■&■■■■■ aHaitaau ■■■■■■■■■■ 

MU BBBBB BBBBBBBBBB BBBBBBBBBB 




■■■ISSSSSSSSSSSSESSSn 

imaaa ■■■■■■■■■■■■■■■■■■«■! 


0 . 80 


Tj, O 180° a 

(c) Pressure losses - concluded • 


Figure 8. - Concluded* 
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(a) Test section flow angularities. 


Figure 9. - Effect of peripheral flow straighteners with 
107x254 cm <42x100 in) inlet, roof pasta In, 2.54x2.54 cm 
(lxl in) contraction flow straighteners, area ratio 20 exit. 
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(«) Teat section flow Angularities 


Figure 9. - Continued. 





0.20 


0.*0 0.60 
QW/QO 


0. 40 0.60 

QW/QO 


l . oo 


t o -45°. 

(a) Teat section flow angularities - continued. 


Figure 9. - Continued 
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(a) Teat section flow angularities - continued. 


Figure 9. - Continued 
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(e) Test section flow angularities - concluded. 


Figure 9. - Continued 
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Figure 9. - Continued 
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Figure 9* - Continued. 








Figure 9* - Continued 
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Figure 9. - Concluded. 
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(a) Test section flow angularities - concluded. 


Figure 10. - Continued. 
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(b) Dynamic pressure variation; <|i « 0® and -90*. 
Figure 10. - Continued. 
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Figure 10. - Concluded. 






Figure 11. - Effect of inlet roof poata vith 58x203 ca 
(23x80 In) Inlet, peripheral flow stralgbtenere inside , 
2.54^2.54 cm (1*1 in) contraction flov straight enex a, 
area ratio 20 exit. 
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(b) Dynamic pressure variation; if; = 0®, -90° and 180*. 


Figure 11. - Continued. 
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Figure 11. - Continued. 
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Cc) Pressure losses - concluded. 


Figure 11. - Concluded 
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(•) Test section, flow Angularities - concluded. 


Figure 12. - Continued 
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Figure 12. - Concluded. 
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(a) Teat section flow angular it ies 
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Figure 13. - Continued 
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Figure 13* - Concluded * 
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(a) Test section flow austerities - continued. 


Figure 14. - Continued 
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(a) Test section flow angularities - continued. 


Figure 14. - Continued 
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(a) Teat section flov angularities - concluded. 


Figure 14. - Continued. 
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(a) Test section flow angularities - continued. 


Figure 14. - Continued 



Figure 14. - Continued 
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(b) Dynamic pressure variation. 


Figure 14. - Continued. 
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(b) Dynamic pressure variation - continued. 


Figure 14. - Continued. 
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Figure 14. - Continued 







Total an t> Inlet ^Aessufte Uosses 
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Figure 14. - Continued. 
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Figure 14* - Continued 







Total *wt> IfeL&r Prtessuae Losses 
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QW/QO 

ll< = -135* and -157-1/2®. 

(c) Pressure losses - continued. 


Figure 14. - Continued 
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* = 180° and 157-1/2°. 

(c) Pressure losses - concluded* 


Figure 14. - Concluded 
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(b) 4 , = 180°. 
Figure 15. - Concluded. 
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(a) Effect of wind magnitude at $ = 0°. 

Figure 16. - Flow quality evaluation for basic configuration; 
58x203 cm (23x80 in) inlet, roof posts in, front-only 
peripheral flow straight ener , 2.54x2*54 cm (lxl in) 
contraction flow straight ener , area ratio 20 exit. 
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Figure 16. - Concluded. 





